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INTRODUCTION
There can be little doubt that the development of primary food sources
(i.e. plankton) is an important factor contributing to fish production. 
Applegate and Mullan (1968) report that an exceptional sport fish harvest 
is generally associated with the development of new reservoirs, although 
the precise reasons for such interrelations are not known. Kramer and 
Smith (1962) demonstrated the tendency of bass fingerlings to feed on 
Cladocera in proportion to the latter's abundance, and Hodson (1966) reported 
the same basic pattern for largemouth and spotted bass fingerlings in Beaver 
Reservoir. Applegate and Mullan (1969) analyzed the digestive tract contents 
of larval and fish fry (mostly threadfin shad) to determine when these fish 
became daphnid predators, and to compare predation with Daphnia mortality. 
Subsequently, Baker and Schmitz (1970) reported the planktivorous roles of 
adult gizzard and threadfin shad in Beaver and Bull Shoals Reservoirs, and 
Ball (1972) demonstrated extensive zooplankton utilization by young black 
and white crappie in Beaver Reservoir.
Applegate and Mullan (1967) compared zooplankton standing crops in a 
new and an old Ozark reservoir. They reported a bloaodal curve for the newer 
reservoir (Beaver) and a unimodal curve with a spring pulse for the older 
reservoir (Bull Shoals). The binodal curve falls within the accepted concept 
of seasonal production, and it was thought that this pattern may be related 
to greater fish production in the newer reservoir. More recently, Damico (1972) 
reported a trend toward a more dominant spring plankton pulse in Beaver 
Reservoir, suggesting maturation of the newer impoundment.
According to Rawson (1958), the species composition in reservoirs usually 
is similar to that of natural lakes in the same area® Pennak (1957) observed 
that it is not uncommon to find more than one species of the same genus in a 
limnetic zooplankton community at the same time. Applegate and Mullan (1967) 
reported that it is not unusual to find three to five cladoceran species in 
the same genus, which suggests a more complex situation in reservoirs. While 
mean annual zooplankton standing crops in both reservoirs have been relatively 
low, it has been suggested further that differences in seasonal zooplankton 
production might have enhanced fish production in Beaver Reservoir®
Difficulties associated with the systematise of fresh-water copepods have 
long presented intimidating problems; to the investigator (Pennak,1953, 1963). 
Identification depends upon the dissection of mature specimens and recognition 
of minute anatomical details® It is probably for this very reason, that little 
work has been done with regard to species composition of copepod associations 
in limnetic zooplankton communities in reservoirs® The work of Cowell (1967) 
indicates that such associations may be quite complex® However, certain species 
tend to be both dominant and ubiquitous in limnetic associations, and species 
differentiation during enumeration must be based upon a previously established 
inventory obtained by critical qualitative analysis of samples®
While considerable attention has been devoted to the vertical distribution 
of zooplankton in lakes (Hutchinson, 1967), the sampling methods utilized in 
many such investigations are often chosen on the basis of convenience and/or 
availability of equipment. Very little attention has been directed toward 
comparison and evolution of sampling procedures used in vertical distribution 
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studies. Such studies in White River impoundments has been limited to broad 
sampling intervals on an infrequent basis (Applegate and Mullan, 1969; Damico, 
1972). Definition of vertical zooplankton distribution in Beaver Reservoir 
should add significantly to our understanding of zooplankton population 
dynamics. However, before the required intensive effort involving short 
sampling intervals and frequent collections is invested, justification of 
the sampling procedure based upon an evaluation of several methods is in 
order.
One purpose of the present report is to contribute further to our know­
ledge of the life history of a newer reservoir by way of a description of 
seasonal zooplankton population dynamics in Beaver Reservoir for the period 
June 1972 through June 1973. The importance of a knowledge of diversity 
among copepod species and their role in zooplankton population dynamics 
cannot be argued. Therefore, an inventory of limnetic copepod species 
occurring in Beaver Reservoir is initiated here. To establish a baseline 
for future intensive efforts, comparative data resulting from controlled 
testing of various vertical sampling methods are presented.
MATERIALS AND METHODS
Monthly samples were taken at three stations representing upper, middle,
and lower reservoir locations (B7, B5, and B1, respectively) (Figo 1), using 
a metered Miller sampler equipped with No. 10 mesh nylon net (aperture size = 
0.158 mm). Damico (1972) found No. 20 mesh nylon net (aperture size = 0.076 mm) 
to be inconsistent due to excessive clogging by phytoplankton© Therefore, 
with the exception of the large rotifer species, Asplanchna priodonta Gosse, 
considerations are here limited essentially to the Entomostraca. All samples 
were taken in the inundated channels of the White River by making oblique 
tows from near the bottom to the surface at an approximate 450 towing angle 
with constant retrieval speeds using a boat-mounted power winch. In the 
field, zooplankton organisms; were preserved in 3% formalin at a constant 
volume of 100 ml©
In the laboratory, several subsamples from each sample were examined 
qualitatively, and fresh and semi-permanent mounts were made for identification 
purposes. The organisms occurring in five 1 ml subsamples were enumerated 
using a Sedgewick-Rafter counting cell and 100X magnification. Copepods 
were enumerated according to suborder only, since the cyclopoid species 
identified could not be distinguished easily on the basis of external 
features visible in the counting chamber. Several mature copepod specimens 
representing each suborder were removed from each original sample, dissected, 
and mounted in glycerin jelly for identification. Chaoborus punctipennis (Say) 
were counted directly in each 100 ml sample using a binocular dissecting 
microscope at 20X magnification and micro-dissecting forceps.
Two vertical zooplankton sampling methods were compared on 18 July 1972 
for the purposes of: (1) evaluating small volume devices that might be used
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to study vertical distributions; and (2) to establish minimum volumes of water 
needed to provide reliable (or repeatable) samples of major zooplankton species. 
Samples were taken at two-meter intervals from 1 through 29 meter depths 
at Station B5 (Fig. 1), using a 5 liter Juday plankton trap and a 6.1 liter 
non-metallic. Kemmerer bottle. Five replicate samples were taken with each 
device at 3 and 15 meters. Collective Kemmerer samples of 12.2, 18.3, 24.4, 
and 30.5 liters also were taken at three and 15 meters. Organisms were pre­
served in 3% formalin, and the 100 ml samples prepared in the field were 
concentrated to 10 ml in the laboratory. The zooplankters in four 1 ml 
subsamples from each 10 ml concentrate were counted using a Sedgewick-Rafter 
sell and 75X magnification.
Vertical sampling procedures involving the 5 liter Juday plankton trap, 
the 6.1 liter Kemmerer bottle, and a submersible pump were compared on 
13 February 1973. The submersible pump was compared with a non-submersible 
pump on 1 March 1973. Two separate sampling dates were necessitated, due to 
mechanical failure of the non-submersible pump on 13 February. All samples 
were taken at Station B5. Three replicate samples of 30 liters each were 
taken at 3 and 9 meters with each device. Organisms were prepared, 
concentrated, and counted as above, but using 100X magnification.
6
Figure 1. Map of Beaver Reservoir showing locations of sampling stations 




Generally, it may be said that fresh-water limnetic zooplankton communities 
occupy an intermediate, and therefore significant, trophic position in lentic 
systems. According to Hutchinson (1967), the feeding activities of zooplankton 
is an obvious possible cause of phytoplankton pulses. Applegate and Mullan 
(1968, 1969) have emphasized the role of zooplankton as primary food for 
planktivorous fish. Damico (1972) contends that the specific role of the 
zooplankton community in an ecosystem is influenced by its composition. To 
this we may add the notation that the quantitative attributes—as a function 
of its composition—of a zooplankton community in time and space will influence 
its role as well.
Relative abundance data for the period June 1972 through June 1973 are 
presented in Tables 1, 2, and 3. Beaver Reservoir supported a highly diverse 
entomostracan fauna during this period, particularly within the Cladocera. The 
latter category was represented by 17 species, mostly Daphnidae. Daphnia 
parvula Fordyce was the most commonly encountered daphnid at middle (B5) and 
lower (B1) reservoir stations, but occurred in relatively small numbers, 
showing a weak pulse of 1.06/liter in April at B1 and 1.62/liter in June 1973 
at B5. The occurrence of this species at B7 was sporadic, but relatively 
stronger pulses of 2.87/liter and 6.94/liter were observed at B7 during 
October 1972 and June 1973, respectively. The occurrence of D. galeata 
mendotae Birge was scattered throughout the reservoir and the year, although 
a rather distinct peak of 1.82/liter was realized during July at B1. Cerio- 
daphnia lacustris Birge was dicyclic with weak pulses peaking at 1.25/liter 
in June 1972 and 1.12/liter in October at B5 and B1, respectively, but 
with a sharp pulse peaking at 10.75/liter in June 1973 at B7. Aside from 
these pulses, it should be noted that C. lacustris did not occur consistently 
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throughout the year. The pattern of Diaphanosoma leuchtenbergianum Fischer 
was similar, except that only a single weak pulse with a peak of 1.56/liter 
was recorded for October at B7.
Bosmina longirostris (O. F. Muller) was the most ubiquitous cladoceran, 
and may be considered a perennial species according to the general scheme 
of zooplankton life histories advanced by Hutchinson (1967). However, a 
winter peak of 4.19/liter was recorded for January at B5. In this regard, 
as well as attributes of temporal distribution and abundance, B. longirostris 
was a highly variable species. Nevertheless, if the winter pulse may be 
considered, a tricyclic pattern can be recognized. A late spring peak of 
6.92/liter was recorded for June 1972 at B1 and a weaker fall pulse peaking 
at 2.06/liter during October at B7. Noteworthy was the occurrence of an 
earlier spring pulse during 1973. A distinct pulse peaking at 4.62/liter was 
recorded for April at B1, and this was followed by a weaker pulse with a 
peak of 2.00/liter during May at B7.
The following Cladocera were observed in low numbers, their occurrence 
and distribution being sporiadic and inconsistent; for such reasons, these 
species must be considered of minor importance in Beaver Reservoir for the 
period June 1972 through June 1973: Daphnia ambigua Scourfield, I). 
middendorffiana Fischer, D. schodleri Sars, D. retrocurva Forbes, D. rosea Sars, 
D. catawba Coker, Ceriodaphnia quadrangula (O.F. Muller), Holopedium 
amazonicum Stingelin, Chydorus sphaericus (O.F. Muller), Alona guttata Sars, 
Leydigia quadrangularis (Leydig), and Sida crystallina (O.F. Muller). Damico 
(1972) found D. ambigua, D. middendorffiana, D. schodleri, and D. retrocurva 
to be aestival species in Beaver Reservoir, attaining their maximum densities 
in spring and summer. Brooks (1957) designates D. rosea to be a "pond species",
9
Table 1. Monthly zooplankton standing crops at Station B1 expressed as 
organisms per liter*
Table 1






























































































































































Asplanchna priodonta 0.04 0.01 0.06 0.44 0.14 0.31 0.37 2.00 3.00 2.00 0.37 0.02
Chaoborus punctipennia
Total
Organisms/Liter 12.13 5.67 5.65 4.98 3.10 1.88 6.91 3.46 5.47 10.69 14.66 7.33 3.78
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Table 2, Monthly zooplankton standing crops at Station) B5 expressed as 
organisms per liter*
Table 2







































































































































































Chaoborus punctipennis 0.03 0.02 0.02 0.02 0.02
Total
Organisms/Liter 11.65 2.30 1.89 0.62 0.76 2.96 2.10 6.70 1.34 2.30 4.42 5.87 12.79
Table 3. Monthly zooplankton standing crops at Station B7  expressed as 
organisms per liter.
Table 3
6/72 7/72 8/72 9/72 10/72 11/72 12/72 *1/73 2/73 3/73 4/73 5/73 6/73
Copepoda
Cyclopoida 0.40 0.10 0.01 1.81 0,01 0.25 0.01 0.01 0.12 2.25 2,19




0.33 0,12 0.09 0.08 1.37 0.01 0.01 0,01 0.01 0,01 0,37 0.94
Copepoda 
Cladocera














Ceriodaphnia lacustris 0.82 0.07 1.12 0.02 10.75
Diaphanosoma leuchtenbo 0.12 0.06 1.56 0,19












5.01 0.34 0.06 7.87 0,02 0,02 0.01 0,01 0,18 3.81 18.87
Asplanchna priodonta 0.35 0.07 0.06 1.69 0,87
Chaoborus punctipennia 0,06 0.04  0.06 0,12 0.01 0.01
Total
Organiams/Liter 6,79 0.67 0.21 0,20 12,17 0.04 0,29 0.04 0.04 0.35 8.36 26,63
*Sample not taken due to ice cover.
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but the occurrence of this species has been recorded for Beaver Reservoir 
during previous investigations (Applegate and Mullan, 1968; Damico, 1972). 
Moreover, Brooks (1959) notes the occurrence of D. rosea in ponds and small 
lakes of western North America from Alaska to California, and east to 
Alberta, (sic) Colorado. It seems quite likely that future investigations 
will show this species to be much more widespread than previously thought,
A. guttata, L. quadrangularis, and S, crystallins are species which 
are generally associated with the littoral zone. Yet, they were taken in. 
limnetic samples. Applegate and Mullan (1967) reported that the littoral 
genera Moina, Alona, Leydigia, Sida, Pleuroxus, and Camptocercus were taken 
in open water net samples more often in Beaver Reservoir than at Bull Shoals 
Reservoir, Damico (1972) contends that the absence of the numerous chiefly 
littoral Cladocera found in Beaver during and shortly after impoundment is 
indicative of some maturation of the newer reservoir, and relates the earlier 
occurrence of these forms to the newly inundated trees and other terrestrial 
vegetation; nevertheless, he has confirmed the presence of A. guttata and 
L. quadrangularis in Beaver during the 1970-71 sampling period. The re­
appearance of S. crystallina during the 1972-73 period is interesting, but 
difficult to reconcile, Damico’s (1972) contention, however, is in align­
ment with Pennak’s (1966) observations that regions adjacent to the true 
littoral support zooplankton communities nearly identical to the littoral 
communities, but distinctly different from those of the limnetic zone.
Adult Copepoda occurred quite consistently throughout the reservoir 
and throughout the 1972-73 sampling period. This situation suggests that 
copepods are perennial forms in Beaver Reservoir according to the life 
history scheme put forth by Hutchinson (1967), Damico (1972) states that
the Copepoda are obligate perennial species because they have no resistant 
stages and must overwinter as adults. It should be pointed out, however, that 
thick-walled "resting” eggs do not occur in the cyclopoids, but they are 
known to be produced by several species of Diaptomus (Pennak, 1953). More 
accurately, then, cyclopoid copepods may be ’’obligate" perennial forms in 
Beaver Reservoir, although it should be added that resistant cyclopoid 
copepodid cysts are presumably of common occurrence..
The Cyclopoida exhibited a rather gradual bimodal seasonal abundance 
pattern at Bl, but never reached high numbers. The fall pulse peaked at 
1.62/liter during September, and a maximum spring density of 1.90/liter 
was recorded in May. At B7, the cyclopoid pulses were more abrupt, 
maximum densities of 1.81/liter and 2.25/liter being observed during 
October and May, respectively. This bimodal pattern could not be clearly 
discerned at mid-reservoir, although peaks of 1.65/liter in April, and 
1.93/liter in June, 1973, were recorded for B5.
The Calanoida, on the other- hand, tended more toward a unimodal pattern 
at middle and lower reservoir stations. A gradual increase during the winter 
months culminated in a spring maximum of 4.75/liter during April at B1. 
The pattern lagged slightly and was more abrupt at B5 with a maximum of 
2.00/liter during May. An exception to this unimodal pattern was observed 
at B7, where a slight fall peak of 1.06/liter occurred in October; the 
spring peak was later and abrupt, reaching a maximum of 2.50/liter during 
June, 1973. Damico (1972) reports that the Calanoida were acyclic in 
both Beaver and Bull Shoals during the 1970-71 sampling period.
Noteworthy is the complete absence of nauplii in summer and fall samples, 
but which is difficult to explain on the basis of data taken at monthly
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intervals* Free-living copepods differ widely in their behavior, breeding, 
and incubation periods (Pennak, 1955). Although copepodids showed rather 
distinct summer (2.4/liter in June, 1972) and winter (4.94/liter in December) 
pulses, these data cannot be related directly to seasonal abundance patterns 
of the adults. This situation tends to suggest that monthly sampling 
intervals do not yield data which is reflective of true patterns of abundance, 
and which in turn points to the need for detailed and intensive life history 
studies of perennial species*.
The copepod species identified by way of qualitative examination of 
zooplankton concentrate subsamples included two cyclopolds, Cyclops bicuspidatus 
thomasi Forbes and Mesocyclops edax (Forbes), and one diaptomid, Diaptomus 
reighardi Marsh, Although some considerable confusion still surrounds the 
taxonomic recognition of D. reighardi, all Calanoida referred to in the 
monthly zooplankton counts may be tentatively assumed to represent this 
species* Assuming a considerable margin of error, the two cyclopoid species 
might have been separated in our enumerations* However, such was not 
thought to be justified at this stage in light of the need for specimens 
to be properly oriented in the counting cell in order to accurately recognize 
the appropriate external characters, i.e. the presence or absence of a deeply- 
notched hyaline membrane on the two terminal antennular segments, the length­
width ratios of the caudal rami, and the relative hairiness of the inner 
margins on the latter. Moreover, I am not fully convinced that the species 
composition of copepod associations in Beaver Reservoir is as simple as this 
study indicates* Even though numerous specimens totaling several hundreds 
were removed from concentrate subsamples, dissected, and carefully examined, 
the possibility that more species inhabit Beaver Reservoir exists (note also
14
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that the total counts which would presumably consist of dominant forms were 
never very high during the entire sampling period)* On the other hand, 
Pennak (1953) points out "...In most lakes the limnetic copepod plankton is 
rather monotonous; usually it is composed of only one, two, or three species...” 
Considering the relative youth of Beaver Reservoir, it is possible that 
minimal colonization by limnetic copepod species has taken place* Even 
so, it seems that continued and more intensive qualitative examination 
of zooplankton concentrates is in order before separate enumeration of 
limnetic copepod species is seriously attempted.
The large rotifer species, Asplanchna priodonta, was monocyclic, 
showing a gradual weak pulse peaking at 3.00/liter in April at B1, and 
a maximum of 1.69/liter at B7 in May.
Chaoborus punctipennis was practically insignificant in terms of total 
abundance. The occurrence of this species was characterized by spotty 
distribution in time and space, as well as low numbers. Thus, no seasonal 
patterns could be discerned.
While the species composition of zooplankton associations, particularly 
Entomostraca, did not differ significantly from earlier reports of Applegate 
and Mullan (1967, 1968) and Damico (1972), total seasonal zooplankton 
production was strikingly low for the 1972-73 sampling period (Figs. 2, 3, 
and 5). The reasons for this are not known, but it seems reasonable to 
postulate that the unusually high water level (at sustained flood stage) and 
associated turbidity during the spring months of 1973 may have been a 
significant factor.
According to Pennak (1946), the typical annual cycle of lake zooplankton 
is bimodal with peaks occurring in spring and fall. During the 1965-66
16
Figure 2. Seasonal abundance pattern of zooplankters at Station B1 for 
the 1972-73 sampling period.
B1
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Figure 3. Seasonal abundance pattern of zooplankters at Station B5 for 
the 1972-73 sampling period.
B5
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Figure 5. Mean seasonal abundance pattern for zooplankters taken from all 
sampling stations (B1, B5, and B7) during the 1972-73 periods
B1-5-7 avg.
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sampling period, Beaver Reservoir zooplankton exhibited a bimodal pattern, 
with the fall pulse being of longer duration than the spring pulse (Apple­
gate and Mullan, 1967, 1968). Damico (1972) reports that in 1970-71, the 
fall pulse was less pronounced and was largely overshadowed by spring activity© 
He argues further that this shift from a dominant fall pulse to a dominant 
spring pulse, after several years of impoundment, indicates that Beaver 
Reservoir is in the process of stabilization and approaching the unimodal 
cycle observed consistently in Bull Shoals Reservoir, an older White River 
impoundment. In spite of the relatively low level of zooplankton abundance 
during 1972-73, certain seasonal patterns are recognizable and interesting. 
The patterns at B1 and B5 are unimodal with a weak pulse of spring activity, 
a fall pulse having disappeared completely (Figs. 2 and 3), B7 sustained a 
small but discernible fall pulse (Fig. 5). When total mean abundance data 
for all three stations are considered, a unimodal pattern, characterized by 
a spring pulse and the absence of one in the fall is apparent, thus giving some 
support to Damico’s (1972) contention. The hypothesis that monocyclic seasonal 
activity is selected for under natural conditions calls for more intensive 
and long-term investigation.
Granting that an intensive, long-term investigative program conducted 
at a selected mid-reservoir station would undoubtedly lead toward answers 
to important questions concerning zooplankton limnology, the magnitude of 
a large reservoir, and the complex of limnological systems which constitute 
it, present an overwhelming array of variables to the limnologist and his 
standard sampling procedures© Indeed, great caution must be exercised in 
any attempt to interpret such data as representative of the entire reservoir; 
such data can be reasonably conclusive as it represents the immediate vicinity
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of the sampling station. Nevertheless, zooplankton seasonal abundance data for 
the 1972-75 period are suggestive of a pattern which generally characterizes 
the entire reservoir; i.e., the seasonal abundance pattern for the mid-reservoir 
station (B5) is strikingly similar to the total mean abundance pattern where 
all three stations (B1, B5, and B7) are considered (cf. Fig. 3 and 5). While 
such similarity may be coincidental, it lends at least a slight degree of 
confidence to the desirability of selecting a mid-reservoir location for 
intensive study.
Data comparing vertical sampling methods, using a 5 liter Juday Plankton 
Trap and a 6.1 liter non-metallic Kemmerer bottle on 17 July 1972, and using 
these samplers in conjunction with two pump methods on 13 February and 1 March 
1973, are presented in Tables 4, 5, 6, 7, and 8. Data for the Judhy trap on 
17 July 1972 would tend to indicate that the volume of water sampled by this 
device is too restricted below a certain critical density of zooplankton. 
Yet, the replicate samples taken at 15 meters fall within a reasonable range 
of total abundance as sampled by the 6.1 liter Kemmerer bottle at the same 
depth (Tables 4 and 5). Moreover, the mean abundance sampled at all depths 
using the Juday trap fell only slightly short of the mean abundance sampled 
by way of two continuous 29 meter Wisconsin columns.
The Kemmerer method revealed a much greater abundance of organisms, 
particularly among the Rotatoria. This fact 16 difficult to reconcile against 
the background of criticism ordinarily directed toward the Kemmerer bottle 
for zooplankton sampling. Such criticises tend to center around the presumed 
avoidance of such a device by more active zooplankters; i.e., the bottom stopper 
travels ahead of the column to be sampled as the device is lowered, and would
22
thus tend to stimulate avoidance or mechanically "clear" some of the organisms 
from the column. These mechanical features notwithstanding, the Kemmerer 
samples yielded a total mean abundance (x = 12.67/liter) in excess of two 
times that observed in Juday trap samples (x * 6 = 13/liter). Further, the 
Kemmerer data significantly exceeded that shown by continuous Wisconsin 
columns (x = 8.22/liter). These data are extremely difficult to explain. 
Although the possibility of the forward stopper creating eddy currents which 
might concentrate the organisms in the sampler cannot be precluded, it seems 
more reasonable to presume that at least certain organisms (e.g. nauplii, 
Keratella, Monoatyla, and Kellicottia) may move considerable distances 
vertically and concentrate horizontally within very short time intervals, 
Since samples were not taken simultaneously at each depth using both samplers, 
and the columns sampled were separated horizontally by several meters, it 
seems reasonable to postulate that differences in the temporal vertical and 
horizontal distribution of organisms may at least partially account for 
variations in total mean abundance data, and possibly for some of the 
variability in replicate samples. The high values obtained with the 
Kemmerer bottle at depths of seven (54.12/liter), nine 64.37/liter), 23 
(38.13/liter), and 25 (62.32/liter) meters suggest the tendencies of certain 
organisms (Keratella, Monostyla, nauplii, and Kellicottia) to temporarily 
concentrate horizontally and at certain depths.
While the Kemmerer samples seemingly reflected greater-organism diversity, 
differences were not significant. For example, 11 rotifer genera were 
observed in the Kemmerer samples, and nine genera were found both in Juday 
trap and Wisconsin net samples. Perhaps noteworthy is the fact that both 
the Juday trap samples and the Wisconsin net samples were taken from essentially 
the same vertical column—at least several meters removed from where the 
Kemmerer samples were taken.
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Table 4. Vertical sampling data using the Juday Plankton Trap, 17 July 1972,
Station B5. All data are expressed as organisms per liter.
Table 4.













































Rotatoria 1.00 0.50 0.50 0.50 2.00 1.00
Chaoborus
Total
Org./Liter 1.00 1.00 1.00 1.50 5.00 0.50 8.50









































































































































































*Unidentified organisms in these categories Total Organisms: x = 6.13 
(Juday Trap)
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Table 5. Vertical sampling data using the Kemmerer Bottle, 17 July 1972,































0.41 0.41 0.82 0.41 0.82 0.10 0.16
Nauplius 
Copepodid
0.82 0.41 0.82 0.41 0.41 0.62
0.20




0.41 1.23 1.23 0.82 0.41 0.82 1.64 0.14 0.14 0.10 0.32 0.08




Cladocera 0.41 0.41 0,41 1.23 0.82 0.40 0.14
*Rotatoria 0.41 0.82 1.23 1.23 0.20 0.56 0.10 0.16

























































Rotatoria 1.64 0.41 1.23 1.64 1.23 4.10 6.14 3.47 5.35 2.60 5.11 2.85 3.43 1.48
Chaoborus 0.41
Total
Org./Liter 2.46 2.06 2.87 3.69 1.64 5.74 8.18 3.47 5.63 2.74 5.21 2.85 3.75 1.56
*Unidentified organisms in this category, All 3M Replicates: x = 3.98








30.5 L Rep 
x = 2.66
Table 5—continued
6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 18.3 18.3 30.5 30.5


















































































































































































































6.1 L Replicates 
x = 7.46
*Unidentified organisms in this category




All 15M Replicates: x = 7.82
Table 5—continued








































































































































*Unidentified organisms in this category. 
**Wisconsin columns.
Total Org./liter: x = 12.67 
(Kemmerer bottle)
Total Orgo/Liter: x « 8.22 
(Wisconsin net)
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Table 6. Vertical sampling data using the Juday Plankton Trap, the Kemmerer













































































































































































































































































































Table 7. Vertical sampling data using Pump A and Pump B. 1 March 1973.








































































































































































































Table 8. Results of ANOVA and F test for differences among the Juday Plankton
Trap, Kemmerer Bottle, and Pump A, 13 February 1973, Station B5. Critical 




















































Table 9. Mean percentage efficiency comparisons of all sampling procedures 
tested 13 February 1973 and 1 March 1973, Station B5.
Table 9
2/13/73
*Pump A compared to the Juday Trap:
Cladocera RotatoriaCopepoda
3M 111% 136%
9M 133% 88% 120%
2/13/73






































*Juday Trap = 100%
**Kemmerer Bottle = 100% 
****Kemmerer Bottle = 100% 
****Pump B = 100%
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The magnitude alone of a large reservoir does not stimulate a great 
deal of confidence in the use of small-volume samplers such as the Juday trap 
or the Kemmerer bottle, unless several sample hauls are taken to form a 
large pooled sample. Such was done with both samplers on 13 February 1973, 
and compared to the use of a submersible power-driven pump (Pump A), taking 
equal-volume (30 liters) samples (Table 6). Analyses of variance show that 
differences among these three methods were not significant (Table 8). There­
fore, the question would seem to resolve itself to one of sampling method 
efficiency. A disadvantage common to both the Juday trap and the Kemmerer 
bottle is that several repeated hauls from the same depth are required to 
complete a 30 liter pooled sample. While Pump A is cumbersome to handle and 
transport, the relative ease of taking large-volume samples within a short period 
of time far outweigh the disadvantages. A non-submersible pump (Pump B) also 
was compared to the other sampling devices (Table 7). Pump B exhibits the 
same disadvantages as Pump A, and further, because of decreased pumping rate, 
the time retired for sampling is increased.
Mean percentage efficiencies of all sampling devices used in the 13 February 
and 1 March tests are compared in Table 9. Although it is evident that Pump A 
takes in greater numbers of zooplankters per unit volume than any of the other 
samplers, there is little significant difference among the relative efficiencies 
of the Juday trap, the Kemmerer bottle, and Pump A. However, significant 
differences were found to exist between Pump A and Pump B. At three meters 
Pump A was 55% more efficient in taking Rotatoria, 70% more efficient in 
taking Cladocera, and 99% more efficient in taking Copepoda. Differences 
were even more marked at nine meters. It does not seem unreasonable to ascribe 
these differences at least in part to variations in the mechanical features 
and characteristics of the two pumping methods.
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Langford (1953) compared a pumping method with the 10 liter Juday trap* 
He found that Cyclops and nauplii were taken in significantly greater numbers 
by the pump, while Daphnia and Diaphanosoma were taken in greater quantities by 
the Juday trap. His testing procedure involved ten liter samples, but with 
a larger number of replicates. However, Langford’s data analysis only 
included mean percentage efficiency comparisons# Although the number of 
replicates was limited to three, it is felt that the use of larger volume 
samples and the application of statistical analyses along with efficiency 
comparisons gives further credence to the procedures utilized in the present 
investigation# Even so, such data cannot be interpreted without some serious 
reservations, particularly as concerns Pump A. This device pumps at a rapid 
rate, and since it clearly takes more zooplankton organisms, than the other 
samplers, it is possible that the field of influence may exceed that of the 
volume sampled, and thus tends to concentrate zooplankton organisms. In 
other words do the data presented in Table 9 really reflect this tendency, 
or do they truly reflect greater efficiency of this pumping method? Any 
sampling method introduces a margin of error, which can be demonstrated at 
least in part. Minimization of sampling error in Beaver Reservoir seems to 
center around the key procedure of taking relatively large-volume samples. 
The statistical demonstration of insignificant differences' among Pump A, 
the Juday trap, and the Kemmerer bottle (when larger volume samples are 
taken with the latter two) indicate that the margin of error is small, and’ 
on this basis it is felt that the selection of the Pump A method for future 
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